Purpose: The purpose of this study is to study the main epidemiological, clinical, para clinical, pathological, therapeutic, and evolutionary features of patients with testicular neuroendocrine tumors (TNET). Materials and Methods: Nine case series and sixteen case reports were identified by searching PubMed database and qualified for inclusion in this study. We added the data of one case treated in the department of urology in Habib Bourguiba Hospital in Sfax, to the published cases. Results: A total of 132 cases were collected. Median age at diagnosis was 39 years old (range 10-83 years). The most common presenting symptom was either a testicular mass or a swelling in 38.46% of cases. Carcinoid syndrome was documented in 10.60% of patients. The clinical examination revealed a palpable mass in 44.70% of patients. This mass was painless and firm in most cases. Serum tumor markers (β-gonadotrophine chorionique humaine, α-feto protein, and lactate dehydrogenase) were within normal limits in all patients except in one case. Most testicular neuroendocrine tumors (76.52%) were primary and pure.
Introduction
Neuroendocrine tumors (NETs) consist of a spectrum of malignancies that can arise from neuroendocrine cells throughout the body. These tumors, commonly called carcinoid tumors, are characterized by their ability to produce peptides that cause characteristic hormonal syndromes [1] .
The tumors were positive for chromogranin (100%), synaptophysin (100%) and cytokeratin (93.10%). Metastases were detected at time of diagnosis in eight cases (6.06%). The main treatment was radical orchiectomy performed in 127 patients (96.21%). The 5-year overall survival rate was 78.70% and the 5-year specific survival rate was 84.30%.
Conclusion:
The diagnosis of testicular carcinoids is based on the immunohistochemistry study. The treatment of choice for these tumors is radical orchiectomy. Somatostatin analogues were reported to be effective in patients with carcinoid syndrome.
Among these tumors, 85% occur in the gastrointestinal tract, mostly in the ileum and appendix, and other sites, including the lungs, pancreas, biliary tract, thymus, ovary and rarely testis [2] . Testicular neuroendocrine tumors (TNET) account for less than 1% of all testicular neoplasms [3] .
The aim of this meta-analysis is to study the main epidemiological, clinical, paraclinical, pathological, therapeutic, and evolutionary features of these rare tumors through the study of a testicular neuroendocrine tumor treated in the department of urology, Habib Bourguiba Hospital in Sfax as well as the study of other testicular neuroendocrine tumors cases published in the literature.
Materials and Methods
We drew up an inventory of reports and case series of patients with a testicular neuroendocrine tumor. All published studies from 1930 to 2015, either in English or French, which reported testicular neuroendocrine tumors (TNET) were reviewed and adequate information was included in this study. We also assessed the data obtained from our experience (one case). Published reports were identified through a Pubmed database search up to February 2015. The following search criteria were included: neuroendocrine, carcinoid, carcinoid tumor, carcinoid tumors, neuroendocrine carcinoma, testicular, testicular cancer and testicular cancers. The following information was extracted from the data made available for the study: year of publication, patient characteristics, diagnostic delay, tumor type, tumor size, symptoms, diagnostic tools used, pathologic features, treatment, follow-up and survival status. Data analysis was performed with descriptive statistics and 5-year survival curves were calculated by the Kaplan-Meier method.
The present case was a 41-year-old man with a history of painful swelling of the left testis mass for 2 months. The patient did not suffer from any other discomfort. Physical examination revealed a minimally tender, firm left testicular mass of 9 cm. The size of the right testis was normal. Tumor markers including β-gonadotrophine chorionique humaine (βhCG), α-feto protein (AFP), and lactate dehydrogenase (LDH) were within normal limits.
The patient underwent an uncomplicated left radical orchiectomy. On gross examination, the left testis was almost replaced by a well-defined, yellow-tan, non-capsulated mass measuring about 10 × 9 × 4 cm and containing a small-calcified cyst of 1.2 cm. On histological examination, the neoplastic cells were arranged in a nesting and trabecular pattern with a background of fibrous stroma with typical rosette formation ( fig. 1 ). The cells had eosinophilic cytoplasm and round to oval nuclei centrally located with finely granular chromatin. Mitotic figures were rare (< 1 mitotic figure per 10 high-power field), the Ki-67 labeling index of the tumor cells was less than 1% and tumor necrosis was absent. No teratomatous elements or other germ cell components were identified. 
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A thorough sampling of the adjacent grossly normal testicular parenchyma showed only atrophic seminiferous tubules with evidence of neither intratubular germ cell neoplasia (ITGCN) nor vascular invasion. The tunica albuginea, the epididymis and the spermatic cord were free of tumor. Immunohistochemistry expression of CD56, synaptophysin, and chromogranin A were strongly positive in the tumor cells. A well-differentiated testicular neuroendocrine tumor was diagnosed.
An extensive investigation, in order to find any evidence of a primary tumor in other locations, was carried out. It included a normal esophago-gastro-duodenoscopy, colonoscopy and a thoracic/abdominal CT. A thoracic/abdominal CT was performed a year after orchiectomy revealing two left para-aortic lymph nodes (21.6 and 19.8 mm in size). Octreotide scintigraphy showed two subtle foci of activity towards the abdomen corresponding to the 2 para-aortic lymph nodes ( fig. 2) . RPLND was performed and the metastatic lesion was resected. At 2-year follow-up the patient is asymptomatic and without signs of disease recurrence.
Meta-Analysis
Between 1930 and February 2015, 78 articles (69 case-reports and 9 case series), dealing with 140 cases of testicular neuroendocrine tumors, were published in literature. In addition to our case, we were able to access 131 cases . Therefore, a total of 132 cases were included in the study.
Patients ranged in age from 10 to 83 years (average 39 years). The tumor predominantly occurred in men in their third and fourth decade. The left testis was affected in 50 cases (38.64%), the right testis in 44 cases (33.33%) and the affected side was not specified in 35 cases (26.52%). Only 2 cases (1.25%) of bilateral tumors have been described in the literature. The presenting symptoms described were a painless scrotal mass or swelling in 51 patients (38.64%), a scrotal pain or testicular painful mass in 23 cases (17.42%), an isolated carcinoid syndrome (flush, chronic diarrhea, abdominal pain, bronchospasm, sweats) in 4 cases (3.03%), painless testicular mass associated with carcinoid syndrome in 6 cases (4.55%) and a painful testicular mass associated with carcinoid syndrome in 4 cases (3.03%). The tumor was discovered in other circumstances (hydrocele, inguinal mass, skin metastases, incidental finding) in 44 cases (33.33%).
Serum tumor markers βhCG, AFP, and LDH were within normal limits in all 44 patients where these markers were measured except in one case of testicular neuroendocrine tumor associated with mature teratoma and para-aortic lymph nodes where the LDH level was elevated to 798 IU/L. The 5-hydroxyindoleacetic acid (HIAA) values were measured in 50 patients; they were elevated in only 12 patients (24%). These values were obtained before orchiectomy only in four patients.
Various diagnostic tools were used; preoperative scrotal ultrasonography was performed only in 37 patients (28.03%), preoperative abdomen/pelvic CT was performed in 5 patients and pelvic MRI for diagnostic purposes was performed in only 2 patients.
In order to stage the tumor, abdominal ultrasound was performed in 2 patients. It revealed multiple target-like liver lesions in one patient and was normal in our patient. Para-aortic lymph nodes were detected in 4 patients and suspicious lymph nodes were found in the epigastric region in one patient. Liver metastases revealed as hypodense lesions were visible in 2 patients. Bone scan revealed metastases in one patient. A thoracic/abdominal/pelvic MRI was conducted in one case and showed no abnormalities. In another case, an abdominal MRI was performed towards the presence of subtle foci of activity detected by Octreotide scan; MRI confirmed that they were simple cysts. Cardiac MRI showed myocardial metastases in one patient. Octreotide scintigraphy was performed in only 11 patients (8.33%). It was conducted before the orchiectomy in 3 patients. In one case, scintigraphy was performed in order to stage a cecal carcinoid tumor and showed no abnormal uptake. The 2 other patients had bilateral testicular neuroendocrine tumors and showed increased uptake foci in both testes. The Octreotide scintigraphy was performed postoperatively in 8 patients. It was normal in five. For the other 3 patients, it showed increased uptake subtle foci of activity towards the dome of the right lobe of the liver, increased activity in the right lower quadrant of the abdomen and 2 subtle foci of activity towards the abdomen corresponding to the two para-aortic lymph nodes. Metaiodobenzylguanidine scintigraphy was performed after orchiectomy in 2 patients and showed no abnormal uptake. Positron emission tomography (PET) with fludeoxyglucose F 18 was conducted in one patient showing enlarged lymph nodes in the para-aortic and the psoas muscle area. Two patients underwent PET-scan; it revealed lymph node metastases, retroperitoneal para-aortic bilateral osseous metastases in the area of the sacrum (sacral vertebra), as well as an intra-myocardial metastasis in one case while it was negative in the other case.
To confirm the absence of a digestive neuroendocrine tumor, upper-gastrointestinal series were performed in 19 patients, small bowel follow-through in 17 patients and barium enema in 6 patients. These tests were all normal. Upper gastrointestinal tract pan-endoscopy was conducted in 4 cases and showed no abnormality. Colonoscopy was performed in 5 patients; it showed no suspicious lesion in 3 cases, nodular mucosal elevation in the terminal ileum in one case and revealed a carcinoid of the terminal ileum near the ileo-cecal valve in the last case.
TNET can be divided into pure primary neuroendocrine tumors, testicular metastasis from another location and neuroendocrine tumors associated with a testicular teratoma (table 1) .
Secondary testicular neuroendocrine tumors were metastasis from gastrointestinal neuroendocrine tumors in 8 cases (88.89%).
The mean size of all TNET was 38.34 mm while primary testicular carcinoids associated with metastases had a mean size of 52.70 mm (table 2) .
We have data on macroscopic examination of 105 tumors. The tumor was firm, homogeneous, well circumscribed in most cases (94.29%). Necrotic zones were present in 9 tumors, hemorrhagic areas were visible in 8 and calcifications were found in 19. The tumor was encapsulated in 5 cases. Neuroendocrine tumors testicular were "typical carcinoids" in the vast majority of cases (88.64%), only 15 cases could be considered as "atypical carcinoids". Several growth patterns were reported. The predominant growth pattern was the insular pattern observed in 94.50% of tumors. Trabecular, pseudo-glandular and nested pattern were also observed. The presence of vascular invasion was rare, and it was observed in 10 cases only. ITGCN was identified only in 2 cases. The teratoma associated with TNET were mature in 15 patients, epidermoid cysts in 4 patients, dermoid cyst or immature teratoma in a single case for each. The Fontana-Masson stain was performed in 36 patients and revealed argentaffin granules in 34 patients. Grimelius stain was performed in 18 patients and detected argyrophilic granules in all of them. Results of the immunohistochemistry study (available for 59 patients) of neuroendocrine markers, amine and polypeptide hormones are in table 3. Para-aortic lymph node metastases were documented in 12 patients (9.09%). Eight patients (6.06%) with pure primary testicular neuroendocrine tumors presented visceral metastases while no patient with carcinoid tumor associated with teratoma has developed visceral metastases. The most affected organ was the liver in four cases.
Regarding the treatment of these tumors, 127 patients (96.21%) underwent a radical orchiectomy and only 3 patients (2.27%) with epidermoid cysts had a focal excision. In a single case, the radical orchiectomy was preceded by a surgical biopsy and another case was an incidental finding at autopsy. A retroperitoneal lymph node dissection (RPLND) was done in seven patients with lymph node metastases and in a patient having a TNET associated with a teratoma without demonstrable lymph node metastases. In one case, an mRPLND was performed. Neoadjuvant chemotherapy was not performed in any patient having a testicular neuroendocrine tumor. Three patients (2.27%) were treated with adjuvant chemotherapy as described in table 4. Chemotherapy generated no response on the size of metastatic lymph nodes in two patients and the response to the treatment was not reported in the third patient with primary neuroendocrine tumors of the lung. Neoadjuvant radiotherapy has not been used in any patient with neuroendocrine tumor testicular. Three patients (2.27%) with pure primary testicular neuroendocrine tumors received adjuvant radiotherapy without obvious complications (table 5) .
Three patients received somatostatin analogues. The first patient with cecal neuroendocrine tumor has received "Octreotide" and low-dose α-interferon 30 months after right hemicolectomy before the beginning of symptoms of carcinoid syndrome. After treatment, these symptoms regressed but a neuroendocrine right testicular tumor was discovered several months later. The second patient had a pure primary testicular neuroendocrine tumor with lymph node, bone and heart metastases. Due to the impossible curative treatment of cardiac metastases and the suspected somatostatin receptor within, the patient received "lanreotide: 60 mg every 4 weeks". Five months later, PET/CT and cardiac MRI led to a stable disease. The effect of treatment with Octreotide in the third patient (having a secondary TNET of ileal origin) was not specified.
The 5-year overall survival rate was 78.70% ( fig. 3 ) while the 5-year specific survival rate was 84.30% ( fig.  4) . TNET appears to be a young man's cancer (mean age = 39 years and peak incidence = 30-40 years) but may occur in children as in the elderly (age range 10-83 years). The mean age was higher in patients with secondary TNET (55.44 years) compared to patients with pure primary TNET or associated with teratoma (41.43 and 38.5 years respectively). In this meta-analysis, the tumors were almost equally distributed over the left and right side with a slight tropism for the left testicle. TNET is usually painless and consequently does not attract the patient attention [3, 42] . Therefore, it is common to note a significant delay between the discovery by the patient of a testicular swelling and the first consultation. Other symptoms include a painful testis, hydrocele, undescended testis, and carcinoid syndrome. Carcinoid syndrome is quite rare [42] and usually occurs late in the course of the disease, almost always in metastatic forms. In this meta-analysis, 10.60% of the patients had symptoms of carcinoid syndrome, which is lower than the 16% and 12.28% reported previously Stroosma et al. [42] and respectively. TNETs do not cause an increase in the serum level of typical markers of testicular tumors (AFP, β-HCG, LDH). However, they may cause an increase in the serum level of neuroendocrine tumors markers such as NSE, the vanillylmandelic acid, the serum serotonin and its main urinary metabolite, 5-HIAA measured in a 24-h urine sample. Only 88% of all carcinoid tumors produce 5-HIAAµ [44] . Among diagnosis tools, scrotal ultrasonography is currently the gold standard in term of morphological examination of testis. Regarding neuroendocrine tumors of the testis, it usually reveals dense punctate calcifications within a well-defined solid hypoechoic mass [21, 25] . Pelvic CT has an essential role in the staging of testicular neuroendocrine tumors and in the diagnosis of tumors in undescended testis [10] . Neuroendocrine testicular tumor appear as a T2 hypo intense nodule in MRI [14] . However, the role of MRI in the diagnosis is very limited [45] . Somatostatin receptor scintigraphy with Octreotide has a sensitivity that varies from ranges from 70 to 90% in the detection of primary neuroendocrine tumors [46] . Metaiodobenzylguanidine scintigraphy has a lower sensitivity (50%) than somatostatin receptor scintigraphy [47] .
Neuroendocrine tumors of the testis can be divided into 3 categories: pure primary testicular neuroendocrine tumors, secondary neuroendocrine tumors and those associated with testicular teratoma. Testicular neuroendocrine tumor associated with teratoma is a distinct disease entity where the clinical course, treatment and prognosis are similar to those of testicular teratoma [40] . In this meta-analysis, most testicular neuroendocrine tumors (76.52%) were primary and pure.
A difference in size exists between pure primary TNET and TNET associated with teratoma. The mean size of carcinoids associated with teratoma (36.91 mm) was lower than those pure (41.75 mm). Furthermore, TNET with metastatic lymph nodes or visceral metastases had a larger size (mean size = 52.70 mm) than non-metastatic tumors (mean size = 35.26 mm) which is coherent with the results reported by Stroosma et al. [42] and ZavalaPompa et al. [43] in their literature reviews. Tumors of large size may present necrotic zones and have a higher probability of developing carcinoid syndrome [21, 30] . Wang et al. [3] used the morphological classification of the WHO of pulmonary neuroendocrine tumors published in 1999 [48] to divide the TNET into typical carcinoid and atypical carcinoid tumors. According to our meta-analysis, testicular neuroendocrine tumors were "typical carcinoid" in 88.64% of cases; these tumors were composed of monomorphous polygonal shaped cells with modest amounts of eosinophilic cytoplasm and uniform bland nuclei with finely dispersed chromatin [3, 20] . ITGCN were found in only two cases of neuroendocrine testicular tumor published [20, 27] . The only case of pure primary TNET associated with ITGCN lesions is the key of the theory assuming the germ cell origin of these tumors [27] .
Neuroendocrine tumors are characterized by the presence argentaffin and argyrophilic cells [49] . In this meta-analysis, the tumor cells were both argentaffin and argyrophilic in all cases, except in two cases where the tumor was argyrophilic but not argentaffin. The histological diagnosis of TNET is usually straightforward. Immunohistochemistry study will lead to the correct diagnosis. In this meta-analysis, TNETs were positive for cytokeratin, chromogranin, synaptophysin, serotonin, NSE, vimentin and CD56 at a rate greater than 80% while immunostaining for PLAP, p53, AFP and inhibin were negative.
We recommend performing a thoracic/abdominal/pelvic CT-scan, Octreotide scintigraphy and digestive pan endoscopy to establish a full tumor staging and exclude a possible primary tumor. CT scan is the gold standard in the detection of lymph node and visceral metastases of urogenital tumors [50] . MRI is rarely used in the staging of testicular tumors since it provides the same morphological information as CT-scan regarding the detection of lymph node metastases [45] . Octreotide scintigraphy allows the examination of the entire body with significantly higher performance than CT or ultrasound. It is indicated in the diagnosis, staging and primary site exclusion [51] . This imaging technique is superior to CT in the detection of the primary tumor's site and has a sensitivity that varies between 80-96% depending on the series to detect visceral metastases [4, 17] . The use of PET scan with 18-fludeoxyglucose is limited because of their low proliferative activity [52] . Although not used in any of the cases reported here, promising results using the 18F-dopa PET have been described for the detection of small neuroendocrine tumors and lymph node metastases with a reported sensitivity that ranged from 65% to 100% [53, 54] . Video-capsule endoscopy, a recent development in intestinal imaging, has proved its efficiency in the staging of carcinoid tumors and in the localization of digestive primary tumors, although not used in any of the cases described in our meta-analysis [52, 55] .
In our meta-analysis, 12 patients (9.09%) had developed lymph node metastases and eight patients (6, 06%) had visceral metastases. The most affected organ in this meta-analysis was the liver in four patients, which is consistent with the literature review of Stroosma et al. [42] where the liver was the most affected site.
Radical inguinal orchiectomy with close follow-up is the treatment of choice for testicular neuroendocrine tumors [42] . However, a key point to be made is that the treatment of testicular neuroendocrine tumor associated with teratoma is identical to that of testicular ter-atoma [56] . The indications of RPLND in pure primary testicular neuroendocrine tumor remain unclear. In our meta-analysis, among the eight patients who had pure primitive testicular neuroendocrine tumors with lymph node metastases only four patients underwent lymph node dissection. Still, all patients who had conducted a retroperitoneal lymphadenectomy had lymph node metastases. Complementary treatments of testicular neuroendocrine tumor include chemotherapy, radiotherapy, somatostatin analogues and α-Interferon. The standard protocol of adjuvant chemotherapy for metastatic neuroendocrine tumors includes streptozocin, 5-FU and cyclophosphamide or doxorubicin. This protocol generated short lasting responses in less than 10% of patients [57] . Radiotherapy had shown little effect on metastatic neuroendocrine tumors [2, 10, 52] . Octreotide, a somatostatin analogue, can induce symptomatic improvement in 80% of patients with metastatic neuroendocrine tumors [52] . Besides the improvement of symptoms, the somatostatin analogs can stop tumor growth. This is the result of a meta-analysis including 28 trials on the effect of somatostatin analogues in neuroendocrine tumors. In this study, stable disease rates were between 15% and 89% [58] . The interferon α has been used in only one patient in our meta-analysis in association with Octreotide. This patient showed clinical response but developed testicular metastases later. Somatostatin analogues (octreotide, lanreotide) and interferon-α can be indicated in patients with carcinoid syndrome where they have proven their efficiency [42, 52] . They can also be prescribed for patients with metastatic neuroendocrine testicular tumors to stabilize disease progression [6, 58] . After this literature review and this meta-analysis, we established a treatment algorithm of testicular neuroendocrine tumors ( fig. 5) .
Neuroendocrine tumors can metastasize up to 17 years after the initial treatment [35] . Hence, we need a regular and long-term follow-up. The follow-up strategy is a matter of debate and follow-up data is insufficient to conclude a well-defined protocol [42] .
To sum up, the prognosis of testicular neuroendocrine tumor is good [3, 42] . In our meta-analysis, the 5-year overall survival rate was 78.70% and the 5-year specific survival rate was 84.30%. The poor prognostic factors include large tumor size, low-degree of tumor differentiation and the presence of a carcinoid syndrome [6, 15, 43] . The prognosis of TNET associated with a teratoma seems to be better than pure testicular neuroendocrine tumor [13, 43] . In our meta-analysis, there was no death or visceral metastasis development in patients with TNET associated with testicular teratoma.
Conclusion
Testicular neuroendocrine tumors represent an issue that seems far away from having revealed all its secrets. These tumors are rare but have a good prognosis. The diagnosis is based on the immunohistochemistry study. The primary nature of the tumor can be retained only after excluding a secondary origin mainly in the gastrointestinal tract or in lungs. Radical orchiectomy is the treatment of choice for testicular neuroendocrine tumor. Somatostatin analogues were reported to be effective in patients with carcinoid syndrome and can stabilize metastatic disease progression. 
